Abstract: Ophiolite-related rocks accreted to Caribbean Plate margins provide insights into the understanding of the intra-oceanic evolution of the Caribbean Plate and its interaction with the continental margins of the Americas. Petrological, geochemical and isotope (K-Ar, Sr and Nd) data were obtained in serpentinites, gabbros and andesite dykes from the Cabo de la Vela Mafic-Ultramafic Complex from the Guajira Peninsula, in the northernmost Colombian Caribbean region. Field relations, metasomatic alteration patterns and whole rock-mineral geochemistry combined with juvenile isotope signatures of the different units suggest that gabbros and serpentinites formed in a slow-spreading supra-subduction zone that was brought to shallower depths and subsequently evolved to an arc setting where andesitic rocks formed with little sediment input. The tectonomagmatic evolution of the Cabo de la Vela Mafic-Ultramafic Complex involved an intra-oceanic arc that evolved from pre-Campanian time to 74 Ma. Relationships with other units from the Guajira Peninsula show either the existence of a mature arc basement or a series of coalesced allocthonous arcs, juxtaposed before accretion onto the passive continental margin of South American in preEocene times.
Ophiolitic rocks are fundamental to understanding of the complex dynamics and evolution of oceanic crust and its interaction with continental margins to form so-called Cordilleran-type orogens (Shervais 2001; Beccaluva et al. 2004) .
In the Caribbean area, studies of ophiolitic complexes have identified remnants of rift margins, ocean plateaus and arc systems formed in oceanic domains that evolved since the Mesozoic, following the break-up of Pangaea (Giunta et al. 2002 (Giunta et al. , 2006 . However, different models show lack of concensus. Testing of regional models through local relationships has often not been successful, possibly due to lack of detailed information (Iturralde-Vinent & Lidiak 2006 for discusions).
A few ophiolite-related rocks have been described from the Colombian Caribbean (MacDonald 1964; Lockwood 1965; Alvarez 1967) ; however, their formation setting and their implications for the geotectonic models of the Caribbean have not been discussed.
We present integrated petrological, mineral chemistry, whole rock geochemistry, Nd and Sr isotopes and K -Ar geochronology data from the Cabo de la Vela Mafic -Ultramafic Complex of the southwestern Caribbean. They allow reconstruction of a Late Cretaceous, arc-related magmatic system that was accreted to the continental margin of South America in pre-Eocene times. The implication of this and other available regional data is discussed within the framework of the Caribbean Plate tectonic evolution.
South America and the Caribbean and Nazca plates (Fig. 1) . Multiple plate boundaries and MesoCenozoic transpressive tectonics controlled accretion of oceanic terranes to the continental margin. Discrete tectonic blocks record this complex evolution (Pindell 1993; Toussaint 1996; Montes et al. 2005) .
The Guajira Peninsula, in northeasternmost Colombia (Fig. 2) , is characterized by several isolated massifs with correlatable geology, surrounded by broader flat lands and Cenozoic basins (MacDonald 1964; Lockwood 1965; Alvarez 1967) . Within these massifs at least three main lithotectonic belts can be identified. From oldest to most recent they include the following elements ( Fig. 2 ):
A composite, Late Mesoproterozoic and
Palaeozoic metamorphic domain, which includes medium and high-grade units. This is intruded by Jurassic magmatism, similar to the parautochthonous basement of the Andes (Cordani et al. 2005; Cardona-Molina et al. 2006) .
A weakly deformed belt of Mesozoic sedimentary rocks with the same depositional characteristics and ages as the autochthonous South
American margin (Villamil 1999) . 3. A sequence of two different, Cretaceous, lowgrade metavolcano-sedimentary metamorphic units. The northernmost unit has intercalated mafic and ultramafic plutonic rocks, intruded by Eocene magmatism (MacDonald 1964; Lockwood 1965; Alvarez 1967; Pindell 1993 ).
Fragments of high-pressure metamafic and metasedimetary rocks in Miocene conglomerates on the northwestern fringe of the central massif ( Fig. 2 ) may represent a probably Mid-Cretaceous exhumed subduction-accretion complex (Green et al. 1968; Zapata et al. 2005 ). An association of mafic and ultramafic rocks occurs in the Cabo de la Vela region, isolated from the main massifs and close to the zone of Caribbean-South American plate interaction. The following sections describe the geological and geochemical characteristics of this mafic -ultramafic Lewis et al. 2006) . complex and discuss their significance to interpretations of tectonomagmatic evolution.
Cabo de la Vela Mafic-Ultramafic Complex
The Cabo de la Vela is a cape, built of a series of isolated small hills (150 m) where different mafic and ultramafic units are exposed (Alvarez 1967) . In general they include a sequence of serpentinites, gabbros and mafic volcanic units. The serpentinite ultramafic unit contains gabbro and leucograbbros as lenses and pods, cross-cut by basalt dykes (Fig. 3) . Miocene sediments locally overlie this sequence (Alvarez 1967) .
To the SE, a lower and flat-land region of Cenozoic sediments extends for 5 km, separating the Cabo de la Vela from the massifs of the Guajira region (MacDonald 1964; Lockwood 1965; Alvarez 1967; Fig. 2) . Similarities between the plutonic mafic and ultramafic rocks of the Cabo de la Vela region and the Cretaceous units of the massifs suggest a geological link between them (review in Alvarez 1967) .
The Bouguer gravity map of northern Colombia (Fig. 4) shows a positive anomaly centred on the Cabo de la Vela, extending 100 km offshore to the northwest and 30 km onshore to the southeast (Kellogg et al. 1991) . This anomaly is consistent with a NW-SE elongated dense body, with a narrow and gently sloping northwestern face and a broad and steep southeastern flank, and suggests wide extension of this mafic -ultramafic rock complex (Nieto & Ojeda, pers. comm., 2006) .
The following section introduces the informal stratigraphic term Cabo de la Vela MaficUltramafic Complex (CVC) and describes the field and petrographic elements of the constituent units.
Ultramafic rocks
Ultramafic rocks of the Cabo de la Vela area are mainly serpentinites. The only exposure of a partially serpentinized rock (sample FP-34C) shows meso-scale foliation, with original grains of olivine, spinel and clinopyroxene. Bastite minerals suggest the former presence of another pyroxene (orthopyroxene?), which indicates that the original ultramafic rock was a wherlite. Relict textures in this rock are characterized by larger grains surrounded by fine-grained material and by deformed cleavages, indicating that the ultramafic protolith was a mantle tectonite ( Fig. 5) (Nicolas & Rabinowicz 1984) .
The serpentinites are mainly greenish to brownish rocks, in many cases mottled by the silkylooking bastite minerals. Microscopic analysis shows pseudomorph textures, such as antigorite mesh and lizardite-antigorite hourglass. Nonpseudomorphic textures include interpenetrating and intergrowth textures, both in the same sample and both defined by antigorite. Other local minerals formed during serpentinzation are bastite, magnetite, magnesite and brucite. Relict minerals are brown spinel and occasional amphibole. The presence of amphibole indicates a hydrated mantle protolith.
Bastite may replace clinopyroxene, with opaques defining relict bend cleavages, and perhaps orthopyroxene without opaques. The presence of two pyroxenes and the foliated texture suggests that the protolith was also a wehrlitic tectonite.
In addition, there are at least four generations of veining, formed by either perpendicular or parallel to the wall opening precipitation of crysotile.
Gabbros and hornblendites
Gabbroic rocks occur in the ultramafites as small, discontinuous, irregular bodies, pods and lenses with maximum dimensions of 1 m Â 100 m. They are coarse-grained to pegmatitic, and contain dark green pyroxene (diopside) and plagioclase (labradorite) crystals up to 15 cm in size.
These rocks generally show well-defined mineral banding and lineation. Most show evidence of deformation and in thin section the overall texture is granoblastic polygonal due to deformationrecrystallization of large crystals to smaller polygonal crystals at the edges (Fig. 5) . The various degrees of recrystallization always involve more plagioclase than pyroxene, which is sometimes preserved in large crystals. These relict grains have numerous oriented inclusions of small brown amphibole blebs that impart a characteristic lustre to hand-specimen. The euhedral shape of the blebs, their colour and the fact that they formed before high temperature deformation all indicate magmatic origin (Coogan et al. 2001) . Evidence of deformation of the larger grains before recrystallization is conspicuous, marked by bent and kinked cleavages and by alignment of the small amphibole blebs that disappear with recrystallization.
The fact that pyroxene and plagioclase ductile deformation and recrystallization annealed with granoblastic textures, without changes in the original mineralogy assemblage, is indicative of deformation at granulite-amphbolite facies conditions (Seyler et al. 1998) .
Hornblendites are found generally on the edges of the gabbro dykes and sometimes as small metresized patches within the serpentinites. They are made up exclusively of coarse-grained dark brown and less commonly bright green amphibole. Field observations show that these rocks formed by complete replacement of pyroxene and plagioclase of the gabbros and possibly the ultramafics. Several stages of replacement are present. Early stages are seen as coronas around pyroxenes but at more advanced stages the reaction front replaces all of the minerals (Fig. 5 ). Petrographically these rocks show decussate textures and the nature of the replacement of these hornblendites indicates that they formed through metasomatism during annealing and therefore after deformation.
Gabbros and hornblendites have been rodingitized throughout the whole complex, and transitional rocks are common. Massive rodingites comprise Ca-rich minerals such as chlorite + hydrogrossular + vesuvianite + epidote + albite + tremolite-actinolite + prehnite. Some rodingites are zoned, with a chlorite margin, in which the relicts of the original pyroxene can still be identified. The mineral assemblages suggest that these rocks formed at greenschist facies and prehnitepumpellyite facies conditions (Frost 1975; Dubińska 1995; Früh-Green et al. 1996) .
The transition in facies, as well as different styles of complex superimposed deformation and fracturing during fluid penetration, indicate that rodingitization occurred from ductile to brittle conditions.
Mafic volcanic dykes
Dykes are continuous and undeformed and reach up to 2 m in width, cutting the previously described lithologies. They constitute fine-grained, phaneritic to aphanitic, green to grey-green rocks, generally with porphyritic texture.
Plagioclase (andesine) and clinopyroxene (diopside) with intergranular to subophitic texture are seen in thin section (Fig. 5 ). Subhedral crystals of clinopyroxene and plagioclase comprise the phenocrystal phase. Several of these rocks also contain brown amphibole as a matrix mineral and as uralitic replacement of pyroxene. The more felsic rocks contain quartz in the matrix. All minerals are generally altered to saussurite and chlorite and pumpellyite is common.
The suggested crystallization order would be pyroxene and plagioclase -opaques-amphibolequartz, and petrographically may resemble basalts or andesites.
Analytical techniques

Whole rock geochemistry
Eleven samples were analysed for major and trace elements by X-ray fluorescence (XRF) and inductively coupled mass spectrometry (ICP-MS) at the Mineralogy and Petrology Department of the Institute of Geosciences of the University of Sao Paulo and at ACME analytical laboratories in Canada.
Samples were crushed with an iron steel crusher and pulverized in an agate mill. Sample preparation for XRF included microreduction to obtain pressed powder pellets, and fused glass discs for major and trace element determination. Major and selected trace element analysis were carried out in a wavelength dispersive Philips PW 2400 XRF spectrometer with detection limits generally of the order of 1-10 ppm for trace elements, following the methodology described by Mori et al. (1999) . For other trace elements including rare earths (REE), the analyses were carried out by ICP-MS at ACME analytical laboratories (Canada), after lithium metraborate/tetraborate fusion and nitric acid digestion of a 0.2 g sample.
Mineral chemistry
Mineral analyses were obtained from carbon-coated polished thin sections using a Jeol 8600S electron microprobe at the Department of Geology, University of Leicester, UK, using an accelerating voltage of 15 kV and a probe current of 30 nA with a beam diameter of 5 -10 mm. Quantitative background-corrected results were standardized against a combination of synthetic materials and well-characterized natural minerals and corrected for matrix effects using a ZAF correction procedure. Minimum detection limits under the analytical conditions used range from 0.01 wt% for Na 2 O to 0.04 wt% for FeO.
K-Ar geochronology
Three whole rock samples were analysed by the K -Ar method at the Centre of Geochronological Research of the University of São Paulo (CPGeo-USP). Two aliquots from the same sample were separated for the K and Ar analysis. Potassium analyses of each pulverized sample were carried out in duplicate, coupled to an ultravacuum system. A spike of 38 Ar was added and the gas was purified in titanium and copper ovens. Final argon determinations were carried out in a Reynold-type gas spectrometer. Analytical precision for K is of 5% whereas for Ar it is around 0.5%. Decay constants for calculation are after Steiger & Jager (1977) .
Nd -Sr isotopes
Six whole rock samples were analysed by Sm-Nd and Rb -Sr methods at the Centre for Geochronological Research of the University of São Paulo (CPGeo-USP). For the Sm -Nd method the analytical procedures followed Sato et al. (1995 
Geochemistry
Whole rock geochemistry and mineral chemistry data were obtained from selected samples in order to understand its tectonic setting of the CVC. Data analyses are presented in Table 1 .
Mineral chemistry
Four samples, a partially serpentinized a peridotite, a serpentinite, a gabbro and a basalt, were selected for mineral chemical analysis. Analysed minerals were spinel, olivine, pyroxene, plagioclase and amphibole.
Spinel
Dark brown spinel in the partially serpentinized sample (FP-34C) and in serpentinites is armoured by magnetite grains, possibly formed during the serpentinization process. Original spinel has an allotriomorphic, interstitial texture. Preserved spinel cores have Cr/Cr þ Al composition ranges from 0.5 to 0.6 and Fe/Fe þ Mg around 0.5. TiO 2 compositions vary from 0.07 to 0.14 wt% and Al 2 O 3 cluster around 25 wt%. In the Cr/Cr þ Al v. Mg/Mg þ Fe diagram (Fig. 6a ) the CVC data do not fall within the abyssal spinel peridotite data of Dick & Bullen (1984) but do overlap the spinel data from the Mariana fore-arc of hole 780, ODP-Leg 125 from Parkinson & Pearce (1998) .
Pyroxene
Pyroxene is seldom preserved in the ultramafic rocks. Only relict pyroxenes were found in sample FP-34C, where composition is Fe-rich diopside ( Fig. 6b) and TiO 2 was found to be very low.
Clinopyroxene from an analysed gabbroic sample is mainly diopside, falling within the same compositional area as the relict pyroxenes from the serpentinites (Morimoto et al. 1988 ) with high Compositional patterns of magmatic clinopyroxene are consistently used to infer possible tectonic settings of ophiolitic mafic and ultramafic rocks (e.g. Nisbet & Pearce 1977; Capedri & Venturelli 1979; Hebert & Laurent 1987; Beccaluva et al. 1989) .
In bivariant diagrams that use TiO 2 in clinopyroxene as a marker of the degree of fusion and different tectonic settings, the Cabo de la Vela gabbroic rocks plot within island arc fields (Fig. 6b, c) . Together with the low TiO 2 content of pyroxene from ultramafic rocks this suggests a supra-subduction setting.
Other minerals
Relict olivine is preserved within mesh cells from sample FC-34C. The composition is Fo90-91. Plagioclase compositions for the gabbros were determined petrographically, and comprise mainly labradorite-andesine. Chemical analyses for feldspar in some volcanic samples indicate spilitization for these rocks, as plagioclase is replaced by albite.
Brown amphibole of metasomatic origin, which replaces minerals in the gabbros, and amphiboles from one of the mafic dykes were analysed, both being magnesiohornblendes (Hawthorne 1981) .
Major and trace element geochemistry
Five volcanic rocks, together with three gabbros and three hornblendites representative of the main rock types of the CVC, were selected for major and trace element analyses.
Element data are presented in Table 2 . Element analyses for LILES in the gabbros are in general below detection limits.
SiO 2 values range from 45.87 to 52.67 wt% for gabbros, from 47.61 to 53.64 wt% for hornblendites, and cluster around 52.5 wt% for the mafic dykes. MgO wt% values are variable but are highest in the hornblendite samples (18.79-22.12%) and lowest for the mafic rocks (4.88-5.37%).
According to the immobile elements (Nb, Y, Zr and Ti) classification of Winchester & Floyd (1977) (not shown), all these rocks are of mafic intermediate composition and plot in the andesite field.
Since most of the samples show signs of alteration, chemical interpretation is based on high field strength elements and transitional metals considered to be immobile (Pearce & Cann 1973; Winchester & Floyd 1977) .
In the V v. Ti/1000 of Shervais (1982) , all samples plot towards the arc-related rocks field, whereas in the Ti v. Zr plot after Pearce (1982) , the basaltic andesite dyke samples fall within the volcanic arc field (figures not shown). Gabbros and hornblendites have particularly low Zr.
Additional constraints on the geotectonic setting can be obtained from REE and multi-element diagrams presented in Figure 7b , c. Gabbros show a strongly depleted LREE pattern compared with HREE when plotted on the chondrite-normalized REE diagram (Fig. 7b) , with Nd-Lu values ranging from 6.67 to 11.00. They have a notable positive Eu anomaly, indicating that plagioclase fractionation was an important factor in the genesis of these rocks. Gabbro REE patterns roughly resemble modern MORB-type plutonic rocks. The multi-element diagram shows negative Zr and Ti anomalies as well as positive Sr and Ba spikes, indicative of a subduction-related component in the source.
Volcanic dykes show flat patterns, with a small negative Eu anomaly, when plotted on the chondrite-normalized REE diagram. Apparent slight variations in the LREE, with La -Lu ranging from 9.06 to 21.94, indicate small degrees of differentiation. This is in agreement with the petrographic observations, where the LREE enriched samples contain amphibole and quartz in addition to pyroxene and plagioclase.
The multi-element diagram for basaltic andesites shows a decrease from LILE-enriched to HFSEdepleted and contrasts with the gabbros. The LILE enrichment is generally attributed to element mobility during alteration; however, the increased contents of relatively immobile elements like Th and La suggest that this pattern is inherited from the original magmatic source. The basaltic rocks also show Nb, Zr and a weak Ti negative anomaly, which together with positive Sr and Ba anomalies and the already mentioned pattern, characterize subduction-related magmas. Hawkesworth et al. (1993a, b) , subdivided island arc basalts into two groups on the basis of LREE/HREE, using La -Yb ratios to discriminate between predominantly intra-oceanic arcs (LaYb , 5) and arcs developed near continental margins (La-Yb . 5) (Fig. 8) . The CVC basaltic rocks fall within the low La-Yb island arc group and overlap the data from the Mariana arc.
K -Ar geochronology
Previous age constraints from this region were restricted to stratigraphical relationships with Miocene sediments. Three andesitic dykes were dated by the K -Ar whole rock method. Obtained ages (Table 3 ) overlap within error. Their differences may be related to minor hydrothermal alteration shown by saussuritization of plagioclase. We consider c.74 Ma to be the age of dyke intrusion into the mafic-ultramafic unit based on the more precise analytical quality. Low K contents in the hornblendites preclude reliable K -Ar data to constrain the pre-dyke intrusion history. However, cross-cutting relations and depth of formation indicate that the gabbroic and ultramafic rocks must have been exhumed before intrusion of the dykes, and therefore a significant lapse of time must have passed between the formation of these two different units. (Fig. 9) , indicating derivation from a depleted source, whereas the basaltic dykes plot similar to primitive island arc rocks found in other suites in the circum-Caribbean realm. Isotopic variation in the basalt dykes could be explained by different input of sedimentary components into the subduction-zone magmas. Interestingly, the Mariana back-arc samples plot between the gabbros and the basaltic dykes from the CVC, which could be interpreted as a higher input of the sedimentary component for the basaltic dykes in the CVC. This is further seen by slight off-set towards higher Sr ratios of the CVC and the Caribbean plutons when compared with the Mariana back-arc basalts.
When compared with the highly negative 1 Nd data from pre-Mesozoic basement and Jurassic plutons from the Guajira region (Cordani et al. 2005; Cardona-Molina et al. 2006) , the data fall away from older crustal signatures. Therefore assimilation of older crust is precluded. Unpublished isotopic data from the Eocene continental-arc magmatic rocks intruding Cretaceous metamorphic complexes of the Guajira region, possibly related to the CVC, show mixing with older basement rocks or sediments, but this is not seen in the CVC rocks.
These isotopic characteristics clearly indicate a primitive mantle source and a minor sediment input in the subduction-related magma source of the basaltic rocks. The differences between the isotopic ratios of gabbros and basaltic dykes may be explained by different input at source. The gabbros formed by partial fusion of mantle in a suprasubduction-zone environment, with limited input from the subducted slab. Input from the subducting plate was greater in basaltic andesites and shifts the isotopic ratios towards lower 1 Nd and higher Sr, probably reflecting a changing tectonic configuration.
Tectonomagmatic setting of the Cabo de la Vela Complex
Based on the lack of units typical of complete ophiolite sequences and the unclear relation with the margin where it was accreted, the Cabo de la Vela complex represents a Cordilleran-type ophiolite, as do many other Caribbean ophiolites (Beccaluva et al. 1996 (Beccaluva et al. , 2004 . Field and petrological evidence indicate that the Cabo the la Vela rocks followed a complex succession of events, recording the dynamic oceanic tectonic cycles common of ophiolite rocks (Shervais 2001) .
The oldest unit comprises mantle rock of wherlitic composition. Coarse-grained gabbros and troctolites intrude this peridotite, recording continuous uplift in a slow spreading setting. Both units show evidence of correlatable high temperature deformation as well as hydration. Mineral chemistry of spinel and pyroxene (Figs 6a, b ) from peridotites and gabbros indicates that these units correspond to a tectonite formed in a supra-subduction zone environment (Kenemetsky et al. 2001; Okamura et al. 2006) . The MORB geochemical and more juvenile isotopic signature from the gabbros combined with the supra-subduction signature from the mineral chemistry are more akin to a back-arc tectonic setting where both MORB or subduction zone signatures are common (Saunders & Tarney 1984) .
The presence of hornblendites and different generations of pervasive serpentinization and rodingitization events are indicative of several hydrothermal overprints ranging from deep to shallow crustal depths and recording a continuous tectonic exhumation history in an oceanic setting. This, together with lateral heterogeneity of hydrothermal alteration, may be taken as evidence of a slow spreading ridge environment (Cannat et al. 1992; Cannat 1996) . Absence of the other typical ophiolitic units, like cumulate gabbros and intrusive basaltic sheeted dykes, may be explained by erosion or tectonic removal after emplacement onto the margin, but nevertheless fits nicely into the evidence of a slow spreading ridge environment for these rocks. Nakamura (1974) and Pearce (1983) . (a) REE patterns normalized to chondrite and multi-element patterns normalized to MORB for CVC gabbros. Open circles represent hornblendites, closed circles represent gabbros. (b) REE patterns normalized to chondrite and multi-element patterns normalized to MORB for CVC basaltic andesite dykes. The grey fields outline the compositional range of the southern Mariana Trough (Gribble et al. 1996) . Fig. 8 . La v. Yb in basalts (SiO 2 , 55%) in intra-oceanic and continental margin island arc basalts, after Hawkesworth et al. (1993a, b) . Other data fields from Jolly et al. (2006) and Taylor & Martinez (2003) . The history of the andesitic dykes differs from the previously discussed ultramafics -gabbro unit. The dykes show neither deformation nor pervasive hydrothermal alteration, and must therefore correspond to another stage of the evolution history. Geochemical data show that these rocks may represent an intraoceanic island arc with poor sediment input or older crust contamination. Sr and Nd isotopic comparison between the andesites and the gabbros neatly shows the differences between magma sources and confirms that the CVC plutonic and volcanic rocks are two separate units, formed at different stages within an intraoceanic environment. A possible explanation for such magmatic variations could include the presence of different mantle sources (MORB and supra-subduction) related to different phases of migration of the arc in a long term subduction environment (Stern 2002) .
These events are constrained by the 74 Ma K -Ar crystallization age obtained for the volcanic dykes and imply that the ultramafic rocks and the gabbros of the CVC were emplaced before the Campanian.
Modern-day analogues for slow-spreading supra-subduction zone environments are the Mariana Trough and the Lau back-arc (Gribble et al. 1996; Taylor & Martinez 2003) . Basalts from both back-arc basins include arc-like components and MORB-like end-members. Mantle flow and convection induce mixing of previously depleted mantle sources and produce a range of compositions that can vary through time between end-members (Taylor & Martinez 2003) . This could well be the case in the CVC, whereby the ultramafic and gabbroic units represent of a more MORB-like end-member source and the andesitic dykes unit a later, more subduction-related endmember source of the same arc.
As described in the geological setting, two different Cretaceous low-grade volcano-sedimentary metamorphic units are exposed in the Guajira Peninsula, the Jarara Formation to the SE and the Etpana Formation to the NW, described in great detail by Alvarez (1967) and Lockwood (1965) . These are temporally and geologically linked to the Cabo de la Vela Mafic -Ultramafic Complex of this paper (Fig. 2) .
The lithostratigraphic characteristics of the metamorphic protoliths from these two units include a sequence of mainly siliclastic sediments (pelites to rudites) with intercalations of mafic tuffs and lavas. The presence of thick quartzite sequences attest to the mature nature of the metasedimentary protoliths. Differences between the units are that the Jarara Fm includes marbles and more abundant volcanic rocks, whereas the Etpana Fm has intermixed serpentinites and gabbros. These metasediments are part of the same basin, with the Etpana Fm representing the deeper sedimentary environment (Lockwood 1965) .
Fossil ages range from Turonian to Maastrichtian. Nearby Cretaceous units of the autochthonous margin of South America lack the volcanic and predominant siliclastic components of the Etpana and Jarara Fms (McDonald 1964; Villamil 1999 ). It is therefore also possible to assume that the Jarara -Etpana sequence formed in an allochthonous arc position.
The contact between these Cretaceous units and basement rocks has been described as a shear-zone (MacDonald 1964; Lockwood 1965; Alvarez 1967 ) that formed during the collision of the arc with South America. The presence of undeformed Eocene continental arc plutonism in this region and the regionally correlatable plutons of the Santa Marta Massif, that clearly intrude the South American margin (Tschanz et al. 1974; Cardona et al. 2008) , also suggest that accretion occurred before this magmatic event.
The relation between the Jarara-Etpana sequence and the CVC is hidden. However, as Alvarez (1967) pointed out, the ultramafic and gabbroic rocks found in the CVC resemble the intercalated mafic and ultramafic rocks of the Etpana Fm Reconnaissance field and petrographic observations of the Etpana Formation indicate a strong similarity to the CVC in the nature and distribution of serpentinization and rodingization (Arredondo et al. 2005) .
The available information suggests that these units are tectonically mixed and metamorphosed during the late collisional event. Nevertheless, additional data is needed to test this model.
A tentative model for the Early Cretaceous to Eocene evolution of the CVC derived from the above data is presented in Figure 10 . It includes three main stages:
1. Initiation of an ocean -ocean subduction zone, forming a slow-spreading back-arc basin in pre-Campanian times. This back-arc, represented by the CVC ultramafic and gabbroic units, was progressively exhumed as a consequence of the slow spreading dynamics. 
Caribbean realm
The tectonic evolution of the Caribbean is related to Jurassic -Early Cretaceous formation of oceanic Proto-Caribbean crust following the separation of North and South America. Subsequent development of a multistage intraoceanic-arc or several intraoceanic arcs in either a near mid-American or a Pacific position happened from Late Cretaceous to Recent times, linked to the migration of thickened oceanic plateau crust from the west between the Americas, the passage of which left behind fragments within the continental margin (Pindell 1993; Pindell & Kennan 2001; reviews in Giunta et al. 2002 reviews in Giunta et al. , 2006 James 2006; Pindell et al. 2006 ). The Cabo de la Vela Mafic -Ultramafic Complex and the associated Etpana -Jarara Fms of the Guajira region record the tectonic evolution of an island arc of Campanian and older age (whole rock K-Ar age of 74 Ma for the basaltic andesites, and the older ultramafic and gabbroic units). Other remnants of magmatic arcs and subduction complexes recording ocean-ocean convergence in the southern Caribbean are the Early Cretaceous Villa de Cura and Dos Hermanas units from Venezuela, the Santa Marta Schists of Colombia and the Washikemba Formation in Bonaire (MacDonald et al. 1971; Beccaluva et al. 1996; Giunta et al. 2002; Thompson et al. 2004) . Petrographical and geochemical comparison, as well as age constrains, show similarities which indicate that the Dos Hermanas unit or the Washikemba Formation (Giunta et al. 2002; Thompson et al. 2004) could be correlated to the CVC.
Ages similar to those obtained for the CVC have been recorded throughout the Lesser Antilles. In Curaçao, Sinton et al. (1998) report a c. 76 Ma Ar/Ar age for a dolerite sill that intrudes the Albian -Turonian Curaçao lava succession. Late Cretaceous turbidites overlying this sequence contain a significant population of euhedral zircons in the range of 70-87 Ma (Wright 2004) . In Aruba, Priem et al. (1986) , based on various Rb -Sr and K -Ar age determinations, suggest that a c. 72 Ma thermal event was responsible for the isotopic resetting of the Aruba Batholith. These data suggest an important c. 70-76 Ma magmatic event in the Dutch Antilles that correlates with the CVC.
Both the segmented distribution of Cretaceous arc-related and other intra-oceanic units (including the CVC) that can be correlated along the continental margin of northern South America and the Caribbean, and the systematic age variation from SW to east whereby the collision record becomes younger from Ecuador to Colombia and Venezuela, are compatible with the north-easterly migration of the Caribbean Plate and the arc fronts between the Americas, and the accretion and subsequent disruption within an oblique continental margin (Pindell, 1993; Toussaint, 1996; Avé-Lallement & Sisson, 2005; Vallejo et al., 2006) .
